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The boost control module repeatedly switching the switch module, S

and the boost circuit boosting the input voltage to obtain the analog J
power voltage

h 4

The charge pump circuit boosting an analog power supply voltage
by using a voltage of the first node to generate a gate turn-on S2
voltage, and the charge pump control module controlling the triode /

to conduct, the gate turn-on voltage being output from the collector
of the trnode

The first current detection module configured to collect the first
current, when the first current is greater than the preset first
comparison current, the first current detection module provides the S3
low level to the first input end of the AND gate, and when the first _/
current is less than the preset first comparison cumrent, the first
current detection module provides the high level to the first input end
of the AND gate; wherein the first current is the current connected to
the second end of the switch module

-w

The second current detection module configured to collect the
second current, when the second current I1s greater than the preset
second comparison current, the second current detection module 4
provides the high level to the second input end of the AND gate, and _/
when the second current Is less than the preset second comparson
current, the second current detection module provides the low level
to the second input end of the AND gate; wherein the second
current Is the current connected to of the collector of the triode

w

The boost control module receiving a level of the output end of the
AND gate, and when the level of the output end of the AND gate Is S5
low. the boost control module controls the switch module to maintain _/
the cumrent switching frequency, and when the level of the output of
the AND gate Is high, the switch module is controlled to increase the
cumrent switching frequency

FIG. 4
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DC VOLTAGE CONVERSION CIRCUIT, DC
VOLTAGE CONVERSION METHOD AND
LIQUID CRYSTAL DISPLAY DEVICE

FIELD OF INVENTION D

The present disclosure relates to the field of display
technologies, and more particularly to a direct current (DC)
voltage conversion circuit, a DC voltage conversion method,
and a liquid crystal display device. 10

BACKGROUND OF INVENTION

With the development of display technologies, tlat display
devices such as liquid crystal displays (LCDs) are widely 15
used 1n mobile phones, televisions, etc. due to their high
image quality, power saving, thin body, and wide applica-
tion. Personal digital assistants, digital cameras, notebook
computers, desktop computers and other consumer elec-
tronic products have become a mainstream in display 20
devices.

Liquid crystal panels are core components of lhiquid
crystal display devices. The liquid crystal panel usually
includes a color filter (CF) substrate, a thin film transistor
(TFT) array substrate, and a liquid crystal layer disposed 25
between the two substrates. A pixel electrode and a common
clectrode are respectively disposed on the array substrate
and the color filter substrate. When a voltage 1s applied to the
pixel electrode and the common electrode, an electric field
1s generated in the liquid crystal layer, which determines 30
orientation of liqud crystal molecules, thereby adjusting
polarization of light incident on the liquid crystal layer, so
that the liquid crystal panel displays an 1mage.

In the prior art, when the TF'T-LCD 1s driven, an input to
the TFT-LCD 1includes multiple voltages inside, such as an 35
analog power supply voltage (VAA), a digital power supply
voltage (VDD), a gate turn-on voltage (VGH), and a gate
turn-oil voltage (VGL). Currents of VAA and VDD are
large, usually generated by a boost circuit or a buck circuat.
Currents corresponding to VGH and VGL are small, and are 40
generally generated by a lower cost charge pump circuit.

Specifically, in the prior art, the boost circuit of the VAA
1s used to generate a driving voltage VLX for boosting a
charge pump circuit that drives VGH. The boost circuit of
the VAA 1s also used for the driving voltage VLX that boosts 45
the charge pump circuit that drives the VGH. The driving
voltage VLX generated by the boost circuit of the VAA has
the following drawbacks: When a load on the VAA 1s small
(1.e., light load), the boost circuit of the VAA enters a
discontinuous mode. At this time, a switching frequency of 50
the driving voltage VL X generated by the boost circuit of the
VAA also becomes very low, as shown 1 FIG. 1. If a load
on the VGH 1s heavy at this time, the driving voltage VLX
with a very low switching frequency will not stably drive the
VGH to drive the load, so that the voltage of the VGH 55

cannot be stabilized, which affects normal operation.

SUMMARY OF INVENTION

An object of the present invention 1s to provide a direct 60
current (DC) voltage conversion circuit capable of automati-
cally adjusting a switching frequency of a switching module
according to a load of a boost circuit and a charge pump
circuit to ensure normal operation of the charge pump
circuit. 65

Another object of the present invention is to provide a DC
voltage conversion method capable of automatically adjust-

2

ing a switching frequency of a switch module according to
a load of the boost circuit and a charge pump circuit to
ensure normal operation of the charge pump circuit.

Another object of the present invention 1s further to
provide a liquid crystal display device capable of automati-
cally adjusting a switching frequency of a switch module
according to a load of a boost circuit and a charge pump
circuit to ensure normal operation of the charge pump
circuit.

To achieve the above object, the present invention pro-
vides a DC voltage conversion circuit comprising: a boost
circuit, a charge pump circuit, and a control circuit;

The boost circuit comprises an inductor, a first diode, and
a first capacitor; the charge pump circuit comprises a second
capacitor, a third capacitor, a second diode, a third diode,
and a triode; and the control circuit comprises a switch
module, an AND gate, a first current detection module, a
second current detection module, a boost control module,
and a charge pump control module;

A first end of the inductor 1s connected to an input voltage,
and a second end of the inductor 1s electrically connected to
a first node; an anode of the first diode 1s electrically
connected to the first node, and a cathode of the first diode
1s configured to output an analog power voltage; a first end
of the first capacitor 1s electrically connected to the cathode
of the first diode, and a second end of the first capacitor 1s
grounded; a first end of the second capacitor 1s electrically
connected to the first node, and a second end of the second
capacitor 1s electrically connected to a cathode of the second
diode; an anode of the second diode 1s electrically connected
to the cathode of the first diode; an anode of the third diode
1s electrically connected to the cathode of the second diode,
and a cathode of the third diode 1s electrically connected to
a first end of the third capacitor; a second end of the third
capacitor 1s grounded; a base of the triode 1s electrically
connected to the charge pump control module, an emitter of
the triode 1s electrically connected to the cathode of the third
diode, and a collector of the triode 1s configured to output a
gate turn-on voltage;

A control end of the switch module 1s electrically con-
nected to a first end of the boost control module, the first end
of the boost control module 1s electrically connected to the
first node, and a second end of the boost control module 1s
grounded; the second end of the boost control module 1s
clectrically connected to an output end of the AND gate; the
first current detection module 1s configured to collect a first
current, when the first current 1s greater than a preset first
comparison current, the first current detection module pro-
vides a low level to a first mnput end of the AND gate, and
when the first current 1s less than the preset first comparison
current, the first current detection module provides a high
level to the first mnput end of the AND gate; the first current
1S a current connected to a second end of the switch module;

The second current detection module 1s configured to
collect a second current, when the second current 1s greater
than a preset second comparison current, the second current
detection module provides a high level to a second input end
of the AND gate, and when the second current 1s less than
the preset second comparison current, the second current
detection module provides a low level to the second 1nput
end of the AND gate; the second current is a current
connected to the collector of the triode;

The boost control module 1s configured to control on and
ofl of the switch module, and control a switching frequency

= -

of the switch module according to a level of the output end

l

of the AND gate, when a level of the output end of the AND
gate 1s low, the boost control module controls the switch
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module to maintain a current switching frequency, and when
the level of the output end of the AND gate 1s high, the boost
control module controls the switch module to increase the
current switching frequency; and

The charge pump control module 1s configured to control
on and off of the triode.

The first current detection module comprises a first cur-
rent comparator and an nverter;

A non-inverting input end of the first current comparator
1s electrically connected to the second end of the switch
module, an inverting iput end of the first current compara-
tor 1s connected to a first comparison current, and an output
end of the first current comparator 1s electrically connected
to an mput end of the imnverter; an output end of the inverter
1s electrically connected to the first input end of the AND
gate.

The second current detection module comprises a second
current comparator;

A non-nverting input end of the second current compara-
tor 1s electrically connected to the collector of the triode, an
inverting mput end of the second current comparator is
connected to a second reference current, and an output end
of the second current comparator 1s electrically connected to
the second mmput end of the AND gate.

The control circuit 1s mtegrated 1n a power manage IC.

The first diode, the second diode, and the third diode are

Schottky diodes.

The switch module comprises a MOS ftransistor and a
resistor;

A gate of the MOS transistor 1s electrically connected to
the boost control module, a source of the MOS transistor 1s
clectrically connected to a first end of the resistor, and a
drain of the MOS transistor 1s electrically connected to the
first node; a second end of the resistor 1s grounded;

The gate of the MOS transistor 1s the control end of the
switch module, the drain of the MOS transistor 1s the first
end of the switch module, and the second end of the resistor
1s the second end of the switch module.

The present invention provides a DC voltage conversion
method applied to the above DC voltage conversion circuit
of comprising following steps:

Step S1, the boost control module repeatedly switching
the switch module, and the boost circuit boosting the input
voltage to obtain the analog power voltage;

Step S2, the charge pump circuit boosting an analog
power supply voltage by using a voltage of the first node to
generate a gate turn-on voltage, and the charge pump control
module controlling the triode to conduct, the gate turn-on
voltage being output from the collector of the triode;

Step S3, the first current detection module configured to
collect the first current, when the first current 1s greater than
the preset first comparison current, the first current detection
module provides the low level to the first mnput end of the
AND gate, and when the first current 1s less than the preset
first comparison current, the first current detection module
provides the high level to the first input end of the AND gate;
wherein the first current i1s the current connected to the
second end of the switch module;

Step S4, the second current detection module configured
to collect the second current, when the second current 1s
greater than the preset second comparison current, the
second current detection module provides the high level to
the second mput end of the AND gate, and when the second
current 1s less than the preset second comparison current, the
second current detection module provides the low level to
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the second 1nput end of the AND gate; wherein the second
current 1s the current connected to of the collector of the
triode;

Step S5, the boost control module receiving a level of the
output end of the AND gate, and when the level of the output
end of the AND gate 1s low, the boost control module
controls the switch module to maintain the current switching
frequency, and when the level of the output of the AND gate
1s high, the switch module i1s controlled to increase the
current switching frequency.

The present further provides a liquid crystal display
device comprising the above DC voltage conversion circuit.

Beneficial effects of the present disclosure are that, the
present mvention provides a DC voltage conversion circuit
comprising a boost circuit, a charge pump circuit, and a
control circuit. A first current detection module, a second
current detection module, and an AND gate are added to the
control circuit. A first current 1s detected 1n the boost circuit
by the first current detection module, and a high level or a
low level 1s provided to a first mnput end of the AND gate
according to magnitude of the first current. A second current
1s detected in the charge pump circuit by the second current
detection module, and a high level or a low level 1s provided
to a second input end of the AND gate according to
magnitude of the second current. Level of an output end of
the AND gate controls the switch module to be smaller at the
first current and larger at the second current, that 1s, when the
boost circuit 1s lightly loaded and the charge pump circuit s
1s under heavy load, a switching frequency of the switch
module 1s raised to ensure a normal operation of the charge
pump circuit, thereby improving stability of VGH voltage.
The present invention further provides a DC voltage con-
version method capable of automatically adjusting a switch-
ing frequency of a switch module according to a load of the
boost circuit and a charge pump circuit to ensure normal
operation of the charge pump circuit. The present invention
further provides a liquid crystal display device capable of
automatically adjusting a switching frequency of a switch
module according to a load of a boost circuit and a charge
pump circuit to ensure normal operation of the charge pump
circuit.

DESCRIPTION OF DRAWINGS

In order to further understand the features and technical
contents of the present invention, please refer to the follow-
ing detailed description of the mvention and the accompa-
nying drawings. However, the drawings are only provided
for reference and explanation, and it 1s not intended to limat
the 1vention.

In the drawings,

FIG. 1 1s a wavelorm diagram of a driving voltage VLX
when a boost circuit in the prior art 1s 1n a discontinues
mode.

FIG. 2 1s a circuit diagram of a DC voltage conversion
circuit of the present invention.

FIG. 3 1s a wavelorm diagram of a drniving voltage VLX
when a boost circuit 1s at a light load and a charge pump
circuit 1s under heavy load mn a DC voltage conversion
circuit of the present invention.

FIG. 4 1s a flowchart of a DC voltage conversion method
of the present invention.

(L]
Y

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENTS

In order to further clarity the technical means and eflects
of the present invention, the following detailed description
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will be made 1n conjunction with the preferred embodiments
of the mvention and the accompanying drawings.

Referring to FIG. 1, the present invention provides a DC
voltage conversion circuit including a boost circuit 1, a
charge pump circuit 2, and a control circuit 3.

The boost circuit 1 comprises an inductor L1, a first diode
D1, and a first capacitor C1; the charge pump circuit 2
comprises a second capacitor C2, a third capacitor C3, a
second diode D2, a third diode D3, and a triode Trl; and the
control circuit 3 comprises a switch module 301, an AND
gate Y1, a first current detection module 201, a second
current detection module 202, a boost control module 101,
and a charge pump control module 102.

In details, a first end of the inductor L1 1s connected to an
input voltage Vin, and a second end of the inductor L1 1s
clectrically connected to a first node A; an anode of the first
diode D1 1s electrically connected to the first node A, and a
cathode of the first diode D1 1s configured to output an
analog power voltage VAA; a first end of the first capacitor
C1 1s electrically connected to the cathode of the first diode
D1, and a second end of the first capacitor C1 1s grounded;
a first end of the second capacitor C2 1s electrically con-
nected to the first node A, and a second end of the second
capacitor C2 1s electrically connected to a cathode of the
second diode D2: an anode of the second diode D2 1s
electrically connected to the cathode of the first diode D1; an
anode of the third diode Tr1 1s electrically connected to the
cathode of the second diode D2, and a cathode of the third
diode Trl 1s electrically connected to a first end of the third
capacitor C3; a second end of the third capacitor C3 1is
grounded; a base of the triode Trl 1s electrically connected
to the charge pump control module 102, an emitter of the
triode Trl 1s electrically connected to the cathode of the third
diode Irl, and a collector of the triode Trl 1s configured to
output a gate turn-on voltage VGH.

In details, a control end of the switch module 301 1s
clectrically connected to a first end of the boost control
module 101, the first end of the boost control module 101 1s
clectrically connected to the first node A, and a second end
ol the boost control module 101 1s grounded; the second end
ol the boost control module 101 i1s electrically connected to
an output end of the AND gate Y1.

The first current detection module 201 1s configured to
collect a first current, when the first current 1s greater than
a preset first comparison current, the first current detection
module 201 provides a low level to a first input end of the
AND gate Y1, and when the first current i1s less than the
preset first comparison current, the first current detection
module provides a high level to the first mnput end of the
AND gate Y1, the first current 1s a current connected to a
second end of the switch module 301.

The second current detection module 202 1s configured to
collect a second current, when the second current i1s greater
than a preset second comparison current, the second current
detection module provides a high level to a second input end
of the AND gate Y1, and when the second current 1s less than
the preset second comparison current, the second current
detection module 202 provides a low level to the second
input end of the AND gate Y1, the second current 1s a current
connected to the collector of the triode Trl.

The boost control module 101 1s configured to control on
and ofl of the switch module 301, and control a switching
frequency of the switch module 301 according to a level of
the output end of the AND gate Y1, when a level of the
output end of the AND gate Y1 1s low, the boost control
module 101 controls the switch module 301 to maintain a
current switching frequency, and when the level of the
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output end of the AND gate Y1 1s high, the boost control
module 101 controls the switch module 301 to increase the
current switching frequency.

The charge pump control module 102 1s configured to
control on and off of the triode Trl.

Preferably, as shown in FIG. 2, the first current detection
module 201 comprises a first current comparator Ul and an
inverter F1. A non-inverting mput end of the first current
comparator Ul 1s electrically connected to the second end of
the switch module 301, an mnverting mput end of the first
current comparator Ul 1s connected to a first comparison
current I1, and an output end of the first current comparator
U1 1s electrically connected to an mput end of the inverter
F1; an output end of the inverter F1 1s electrically connected
to the first mput end of the AND gate Y1, so that when the
first current 1s greater than the preset first comparison
current I1, a low level 1s provided to the first input end of the
AND gate Y1, and when the first current is less than the
preset first comparison current 11, a high level 1s supplied to
the first mnput of the AND gate Y1.

Preferably, the second current detection module 202 com-
prises a second current comparator U2. A non-inverting
input end of the second current comparator U2 1s electrically
connected to the collector of the triode Irl, an verting
input end of the second current comparator U2 1s connected
to a second reference current 12, and an output end of the
second current comparator U2 1s electrically connected to
the second 1mput end of the AND gate Y2, so that when the
second current 1s greater than a preset second comparison
current 12, a high level 1s provided to the second mput end
of the AND gate Y1, and when the second current is less than
the preset second comparison current 12, a low level 1s
supplied to the second input end of the AND gate Y1.

In details, the control circuit 3 1s integrated in a power
manage IC (PMIC). Preferably, the first diode D1, the
second diode D2, and the third diode D3 are Schottky
diodes.

Further, the switch module 301 comprises a MOS tran-
sistor Q1 and a resistor R1. A gate of the MOS transistor Q1
1s electrically connected to the boost control module 101, a
source of the MOS transistor Q1 1s electrically connected to
a first end of the resistor R1, and a drain of the MOS
transistor Q1 1s electrically connected to the first node A; a
second end of the resistor R1 1s grounded. Correspondingly,
the gate of the MOS transistor 1s the control end of the
switch module 301, the drain of the MOS transistor i1s the
first end of the switch module 301, and the second end of the
resistor R1 1s the second end of the switch module 301.

It should be noted that, 1n conjunction with FIG. 1 and
FIG. 3, a working process of the DC voltage conversion
circuit of the present invention 1s: First, the boost control
module 101 controls the switch module 301 to open, the first
diode D1 1s turned off, current of the inductor .1 continues
to increase, and the inductor L1 stores energy. Then, the
boost control module 101 controls the switch module 301 to
be turned ofl, and the first diode D1 1s turned on. The
inductor L1 charges the first capacitor C1 through the first
diode D1, thereby completing boosting of the input voltage
Vin. The analog power supply voltage VAA 1s output, the
switch module 301 i1s repeatedly switched to continuously
output the analog power supply voltage VAA. At the same
time, the charge pump circuit 2 obtains the driving voltage
VLX from the first node A, and generates the gate turn-on
voltage VGH when the analog power supply voltage VAA 1s
boosted by the driving voltage VLX. Specifically, the second
capacitor C2 and the third capacitor C3 are charged by the
driving voltage VLX, so that voltage of the cathode of the
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third diode D3 rises, thereby generating the gate turn-on
voltage VGH. More importantly, because the boost circuit 1
enters the discontinuous mode under a light load condition.
The DC voltage conversion circuit of the present invention
detects the first current and the second current during
operation of the boost circuit 1 and the charge pump circuit
2, and determines load states of the boost circuit 1 and the
charge pump circuit 2 according to magnitude of the first
current and the second current. Specifically, when the first
current 1s greater than the preset first comparison current I1,
determining that the boost circuit 1 1s 1n a heavy load state,

does not enter the discontinuous mode, and supplies a low
level to the first mput end of the AND gate Y1. When the
first current 1s less than the preset first comparison current
I1, determining that the boost circuit 1 1s 1n a light load state,
enters a discontinuous mode, and supplies a high level to the
first input end of the AND gate Y1. When the second current
1s greater than the preset second comparison current 12, the
charge pump circuit 2 1s 1n a heavy load state, and requires
the driving voltage VLX with a strong driving capability,
and supplies a high level to the second input end of the AND
gate Y1. When the second current i1s less than the preset
second comparison current 12, the charge pump circuit 2 1s
in a light load state, does not require a driving power VLX
with a strong driving capability, and supplies a low level to
the second 1nput end of the AND gate Y1. The boost control
module 101 controls the switching frequency of the switch
module 301 according to the level of the output end of the
AND gate Y1. When the level of the output end of the AND
gate Y1 1s a high level, that 1s, the boost circuit 1 1s 1n a light
load state and the charge pump circuit 2 1s in a heavy load
state, the boost control module 101 controls the switch
module 301 to boost the current switching frequency to
improve the driving capability of the driving voltage VLX,
and ensures that the VGH can stably drive the load. When
the level of the output end of the AND gate Y1 1s a low level,
that 1s, except for the case where the boost circuit 1 1s 1n a
light load state and the charge pump circuit 2 1s 1n a heavy
load state, the boost control module 101 controls the switch
module 301 to maintain the current switching frequency. At
this time, the VGH can also stably drive the load, so that the
present invention can automatically adjust the switching
frequency of the switch module according to the load of the
boost circuit 1 and the charge pump circuit 2, thereby
ensuring normal operation of the charge pump circuait.

Referring to FI1G. 4, the present invention further provides
a DC voltage conversion method, which 1s applied to the DC
voltage conversion circuit described above, and includes the
following steps:

Step S1, the boost control module 101 repeatedly switch-
ing the switch module 301, and the boost circuit 1 boosting
the mput voltage Vin to obtain the analog power voltage
VAA;

Step S2, the charge pump circuit 2 boosting the analog
power supply voltage VAA by using a voltage of the first
node A to generate a gate turn-on voltage VGH, and the
charge pump control module 102 controlling the triode Trl
to conduct, the gate turn-on voltage VGH being output from
the collector of the triode Trl;

Step S3, the first current detection module 201 configured
to collect the first current, when the first current 1s greater
than the preset first comparison current, the first current
detection module 201 provides the low level to the first input
end of the AND gate Y1, and when the first current 1s less
than the preset first comparison current, the first current
detection module 201 provides the high level to the first
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input end of the AND gate Y1, wherein the first current 1s the
current connected to the second end of the switch module
301;

Step S4, the second current detection module 202 con-
figured to collect the second current, when the second
current 1s greater than the preset second comparison current,
the second current detection module 202 provides the high
level to the second 1mnput end of the AND gate Y1, and when
the second current 1s less than the preset second comparison

current, the second current detection module 202 provides
the low level to the second mnput end of the AND gate Y1;
wherein the second current 1s the current connected to of the
collector of the triode Trl;

Step S5, the boost control module 101 receiving a level of
the output end of the AND gate Y1, and when the level of
the output end of the AND gate Y1 1s low, the boost control
module 101 controls the switch module 301 to maintain the
current switching frequency,, and when the level of the
output of the AND gate Y1 1s high, the switch module 301
1s controlled to increase the current switching frequency.

The present further provides a liquid crystal display
device comprising the above DC voltage conversion circuit.

In summary, the present invention provides a DC voltage
conversion circuit comprising a boost circuit, a charge pump
circuit, and a control circuit. A first current detection mod-
ule, a second current detection module, and an AND gate are
added to the control circuit. A first current 1s detected 1n the
boost circuit by the first current detection module, and a high
level or a low level 1s provided to a first mnput end of the
AND gate according to magnitude of the first current. A
second current 1s detected in the charge pump circuit by the
second current detection module, and a high level or a low
level 1s provided to a second input end of the AND gate
according to magmtude of the second current. Level of an
output end of the AND gate controls the switch module to be
smaller at the first current and larger at the second current,
that 1s, when the boost circuit 1s lightly loaded and the charge
pump circuit s 1s under heavy load, a switching frequency of
the switch module 1s raised to ensure a normal operation of
the charge pump circuit, thereby improving stability of VGH
voltage. The present invention further provides a DC voltage
conversion method capable of automatically adjusting a
switching frequency of a switch module according to a load
of the boost circuit and a charge pump circuit to ensure
normal operation of the charge pump circuit. The present
invention further provides a liquid crystal display device
capable of automatically adjusting a switching frequency of
a switch module according to a load of a boost circuit and
a charge pump circuit to ensure normal operation of the
charge pump circuait.

In the above, various other suitable changes and modifi-
cations can be made by those skilled 1n the art in light of the
technical solutions and technical concept of the invention.
All such changes and modifications are intended to be
included within the scope of the appended claims.

What 1s claimed 1s:
1. A direct current (DC) voltage conversion circuit, com-
prising:

a boost circuit, a charge pump circuit, and a control
circuit;

wherein the boost circuit comprises an inductor, a first
diode, and a first capacitor; the charge pump circuit
comprises a second capacitor, a third capacitor, a sec-
ond diode, a third diode, and a triode; and the control
circuit comprises a switch module, an AND gate, a first



US 10,819,230 B2
9 10

a non-inverting input end of the first current comparator
1s electrically connected to the second end of the switch
module, an inverting mmput end of the first current
comparator 1s connected to a first comparison current,
and an output end of the first current comparator 1s
clectrically connected to an input end of the inverter; an
output end of the nverter is electrically connected to
the first mput end of the AND gate.

3. The DC voltage conversion circuit according to claim

10 1, wherein the second current detection module comprises a

second current comparator;

a non-inverting mput end of the second current compara-
tor 1s electrically connected to the collector of the
triode, an inverting mput end of the second current

15 comparator 1s connected to a second reference current,

and an output end of the second current comparator 1s
clectrically connected to the second mput end of the

current detection module, a second current detection
module, a boost control module, and a charge pump
control module;

wherein a first end of the inductor 1s connected to an input
voltage, and a second end of the inductor is electrically >
connected to a first node; an anode of the first diode 1s
clectrically connected to the first node, and a cathode of
the first diode 1s configured to output an analog power
voltage; a first end of the first capacitor 1s electrically
connected to the cathode of the first diode, and a second
end of the first capacitor 1s grounded; a first end of the
second capacitor 1s electrically connected to the first
node, and a second end of the second capacitor 1s
clectrically connected to a cathode of the second diode;
an anode of the second diode 1s electrically connected
to the cathode of the first diode; an anode of the third
diode 1s electrically connected to the cathode of the AND gate.

second diode, and a cathode of the third diode 1s 4. The DC voltage conversion circuit according to claim
electrically connected to a first end of the third capaci- 20 1, wherein the control circuit is integrated in a power
tor; a second end of the third capacitor 1s grounded; a manage IC.

base of the triode 1s electrically connected to the charge 5. The DC voltage conversion circuit according to claim
pump control module, an emitter of the triode 1s elec- 1, wherein the first diode, the second diode, and the third
trically connected to the cathode of the third diode, and diode are Schottky diodes.

a collector of the triode 1s configured to output a gate 25 6. The DC voltage conversion circuit according to claim
turn-on voltage; 1, wherein the switch module comprises a MOS transistor

wherein a control end of the switch module 1s electrically and a resistor;
connected to a first end of the boost control module, the a gate of the MOS ftransistor 1s electrically connected to

first end of the boost control module 1s electrically

the boost control module, a source of the MOS tran-

connected to the first node, and a second end of the 30 sistor 1s electrically connected to a first end of the
boost control module 1s grounded; the second end of resistor, and a drain of the MOS transistor 1s electrically
the boost control module 1s electrically connected to an connected to the first node; a second end of the resistor
output end of the AND gate; the first current detection 1s grounded;

module 1s configured to collect a first current, when the the gate of the MOS ftransistor 1s the control end of the
first current 1s greater than a preset first comparison 35 switch module, the drain of the MOS ftransistor 1s the

current, the first current detection module provides a
low level to a first input end of the AND gate, and when

first end of the switch module, and the second end of
the resistor 1s the second end of the switch module.

the first current 1s less than the preset first comparison 7. A DC voltage conversion method applied to the DC

current, the first current detection module provides a voltage conversion circuit of claim 1 comprising following

high level to the first input end of the AND gate; the 40 steps:

first current 1s a current connected to a second end of Step S1, the boost control module repeatedly switching

the switch module; the switch module, and the boost circuit boosting the
wherein the second current detection module 1s config- input voltage to obtain the analog power voltage;

ured to collect a second current, when the second Step S2, the charge pump circuit boosting an analog

current 1s greater than a preset second comparison 45 power supply voltage by using a voltage of the first
current, the second current detection module provides node to generate a gate turn-on voltage, and the charge
a high level to a second mput end of the AND gate, and pump control module controlling the triode to conduct,
when the second current 1s less than the preset second the gate turn-on voltage being output from the collector
comparison current, the second current detection mod- of the triode;
ule provides a low level to the second mput end of the 50  Step S3, the first current detection module configured to
AND gate; the second current 1s a current connected to collect the first current, when the first current 1s greater
the collector of the triode; than the preset first comparison current, the first current
wherein the boost control module 1s configured to control detection module provides the low level to the first
on and ofl of the switch module, and control a switch- input end of the AND gate, and when the first current
ing frequency of the switch module according to a level 55 1s less than the preset first comparison current, the first
of the output end of the AND gate, when a level of the current detection module provides the high level to the
output end of the AND gate 1s low, the boost control first input end of the AND gate; wherein the first current
module controls the switch module to maintain a cur- 1s the current connected to the second end of the switch
rent switching frequency, and when the level of the module;
output end of the AND gate 1s high, the boost control 60 Step S4, the second current detection module configured

module controls the switch module to increase the
current switching frequency; and

to collect the second current, when the second current
1s greater than the preset second comparison current,

the second current detection module provides the high
level to the second mput end of the AND gate, and
when the second current 1s less than the preset second
comparison current, the second current detection mod-
ule provides the low level to the second 1nput end of the

wherein the charge pump control module 1s configured to
control on and off of the triode.
2. The DC voltage conversion circuit according to claim 65
1, wherein the first current detection module comprises a
first current comparator and an inverter;
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AND gate; wherein the second current 1s the current
connected to of the collector of the triode; and

Step S5, the boost control module receiving a level of the
output end of the AND gate, and when the level of the
output end of the AND gate 1s low, the boost control 5
module controls the switch module to maintain the
current switching frequency, and when the level of the

output of the AND gate 1s huigh, the switch module is
controlled to increase the current switching frequency.
8. A liqmud crystal display device comprising the DC 10
voltage conversion circuit according to claim 1.
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